Introduction
There Is considerable importance In maximizing the efficient use of blood to treat combat casualties as soon as they arrive from the field. Management of this supply through planning that Is based on past experiences so that appropriate amounts are available when needed is one way to help achieve this goal.
Methods
A surgical data base, containing medical Information on 2,021 combat casualties admitted to the Naval Support Activity Hospital, Danang, South Vietnam, between January and June 1968, was wused to provide Information on the way whole blood was given to casualties from the time they were % admitted until the end of their initial surgery. Variables that were used in this paper Included wounding agents, time from injury to admission, time from admission to going to the operating room, admission hematocrit, and others.
Results
Of the 2,021 admissions, 516 (25.5%) were given a total of 3,148 units of blood (mean = 6.1 units). Most of these casualties (N -118) were given two units and 48.8% of all casualties given blood received three units or less. Some blood was given almost every day of the study (97.2% of the time). "Artillery/rockets/mortars" caused the highest percentage of casualties (38.9%), and the highest percent of casualties that were given blood (32.4%). These casualties received 24.3% of the total amount of blood given. The wounding agent with the highest number of units per person was "Mine" (mean -11.0).
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Discussion "
Most casualties were not given blood or were given small amounts. The weapons causing wounds had distinct implications for blood use. Important considerations are: (1) mix of weapons -the amount of particular weapon usage and its proportional usage compared to other weapons used at the same time, (2) the weapon's ability to cause a wound that requires any blood to be given, and (3) the type of weapons that cause wounds that require large amounts of blood to be given. the varlables in the data base were Included In this study, but two of them, "units blood" and "admission hematocrit", will be described in detail. "Units blood" documented the number of units of whole blood given to casualties from the time they were admitted to the triage area of the •..
Accesion
hospital to the end of their first surgery. It should be emphasized that It did not include blood given after the initial surgery nor at any other time. Two of the authors (J.G. and L.C.) recall that almost all of the admissions came directly from the field and without any medical Intervention, Including not being given blood; however, it Is known that there were a few cases (not % Identified) who were transfers from other medical facilities and may have been given blood before their arrival at the Naval Support Activity Hospital. "Admission hematocrit" was the variable that documented the results of the hematocrit test, done at the time the casualty was admitted to .
the triage area. Not all 2,021 admissions In the study had an admission hematocrit measured nor % were all given blood. Missing data for "units blood" and "admission hematocrit" were indicated by coding "99" or providing no Information.
Patients not given blood or not haviag an admission hematocrit measured were coded "0", and these cases, together with those having "missing data",
were not included in the analyses. In addition to the descriptive aspects of this study, It was hypothesized that the following variables might correlate with the amount of blood that was given:
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-7 _rm . 77 "admission hematocrit", "time from the Injury in the field to admission", "number of months on duty in Vietnam", and "number of days on a combat operation when the injury occurred". Thus, It was predicted that the amount of blood given would increase in the following situations: a low hematocrit, a lengthy transit time from the site of wounding to the hospital, being stationed In
Vietnam a short time when the injury occurred (inexperience), and being on a lengthy combat operation (fatigue). The relationships of these variables to the number of units given was tested by Pearson product-moment correlations.
A one-way analysis of variance (ANOVA) was performed to
determine If the mean hematocrit differed significantly between those who were and were not given
blood. An ANOVA was also performed to determine If the mean units of blood given uiffered significantly In those who did and did not have their admission hematocrit measured.
Results
Of the 2,021 admissions, 516 (25.5%) were given a total of 3,148 units of blood (mean = 6.1 units) during the six months of the study (0 units = 1,485, missing data = 20). Most of these 516 casualties (70%) had an admission hematocrit (mean = 36.5%) and they were given 2,355 units (mean = 6.5 units).
A one-way ANOVA showed that casualties having their hematocrit measured received significantly more blood than casualties who did not (F = 4.16, p = .04).
The other 155 casualties that did not have an admission hematocrit were given 739 units (mean = 5.1). Of 1,505 casualties who were not given blood, 486 had an admission hematocrit measured (mean = 41.0%). A r one-way ANOVA indicated that casualties who received blood had a significantly lower admission hematocrit than casualties who did not receive blood (F = 140.1, p < .001).
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. % " ,-e . ,,% " % frequency distribution of the number of units of blood given. The greatest number of casualties ?-6 J, (N -118) received two units, and 48.4% of all casualties given blood had three units or less.
Ed
The maximum number of units given to a casualty was 51.
Of all 2,021 admissions, there were 59 deaths (2.9%).
Seventeen were judged to be non-salvageable at the time they were admitted and were not taken to the operating room or given blood.
Of the 42 potentially salvageable deaths, 38 were given a total of 451 units of blood (mean = 11.9 units).
The remaining 478 admissions that were given blood and survlv were given a total of 2,697 units (mean -5.6 units). Figure 2 Indicates the number of casualties that were given blood per week. The number -. .
ranged from 4 to 42 casualties (mean -19.8 units per week). Figure 3 shows the total number of units of blood given per week which r-ngei from 10 to 362 (mean = 121.1 units per week). The three highest weekly amounts were in Pebruary which coincided with the beginning of the January 31
Tet offensive (8).
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During the 181 days of the study, blood was given on 176 days (97.2%). Overall, the percen--..
:, .
r~age of admissions that were given blood was 25.5%, but the daily percentage varied from 0 to " '
100%.
On 104 days of the study 30% or less of the admissions were given blood, and there were >[. only 22 days when the percent of admissions given blood was greater than 50%.
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In Table I are wounding agents, the numbers of casualties that were given blood, the total ,,-, and mean number of units given, and the percent of casualties for each wounding agent that .. # required blood. "Multiple agents", "Not known", and "Other" were Included In the table for -.
completeness, but they were not considered In the following analysis because the pecfc woundng ar.. Pearson product-moment correlations showed significant inverse relationships between "units of blood given" and "admission hematocrit" (r = -0.322, p< .001) and "time from injury to admission" (r = -0.123), p = .004). No significant correlation was found between "units of blood
given" and "number of months on duty in Vietnam" (r --.057, p = .119) or "number of days on a OF combat operation when the injury occurred" (r = -0.020, p = .338).
The casualty given the greatest amount of blood (51 units) was a 24 year old Marine with six . years active duty. He was admitted 45 minutes after being injured by a mine with the following " wounds: traumatic amputation of the left leg below the knee, and injuries to the right forearm, hand, thigh, leg and genitalia. He came to the Naval Support Activity Hospital when only one ..
other casualty was in triage at the time of his admission, and he was there for 3.3 hours before % being taken to the operating room. His admission hematocrit was 37%. He was given general anesthesia and stayed in the hospital for five days. He was released alive and air-evacuated to a western Pacific hospital. -
Discussion
Planning of future blood requirements should involve reviewing past experience.
To the -P extent that future combat situations are similar to the Vietnam War, the information provided in :w , this study could, along with other data, be used for planning purposes. The results of this study j--indicated that most of the casualties were not given blood, and of the casualties that were given .
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• % blood, most were given small amounts (four units or less). But there were notable exceptions to this, with some casualties being given much larger amounts. Likewise, the daily percentage of casualties that were given blood was generally low, but sometimes it reached 100%.
(Note:
generally few casualties were admitted on low blood use days). As expected, the Intensity of battle and the number of soldiers exposed to enemy fire related to the number of casualties requiring blood and thus to the amount that was given: the peak numbers for both occurred shortly % Ir % after the beginning of the Tet offensive.
Each of the weapons or groups of weapons cited in this study had separate and distinct
-"
Implications for blood use. In this study "Artillery/rockets/mortars" caused most of the wounds and on this basis alone were associated with a greater amount of blood given. It could be that these weapons were used more often and in higher proportions than other weapons and/or that they .. I
were more effective In causing wounds because of their construction. However, casualties wounded by mines required more units of blood per casualty than any other group, and the wounding agent category with the greatest percentage of Its casualties given blood was booby-trap grenade with % large fragments, as this weapon tended to mangle. In another study, it was found that this weapon p, .r was associated with a high percentage of deaths (8).
The use of booby-traps and mines In Vietnam is well known. When these weapons were combined as a group, they accounted for a relatively small percentage of the casualties but a disproportionately high amount of the total amount of blood given. Therefore, these weapons were important to medical personnel because of the disproportionate use of blood, and, by Implication, wound severity and the use of other resources.
It was thought that "number of months on duty in Vietnam" and "number of days on a combat operation when the injury occurred" might predict the amount of blood given. This was not found '1 to be the case, although the associations were In the direction expected. "Time from injury to ..
admission" was significantly correlated with blood use; the casualties with shorter transport .
times were given more blood. This could be the result of the higher priority given to evacuating the more seriously wounded. "Admission hematocrit" did relate to the amount of blood given as , predicted; casualties with lower hematocrits were more likely to be given blood.
In an environment where decisions must be made quickly, it appears that the additional time needed to give this
test Is beneficial for casualty care and resource management. During the study blood samples had to be taken to the laboratory and reported back to the triage area. Having a centrifuge In the triage area (during the study blood was taken to the laboratory) could provide clinicians with Important information In a more timely manner.
The mean amount of blood given to casualties who were treated but eventually died was about double that given to survivors. This fact reflected the medical system's capacity to respond to the needs of all of the casualties and that large amounts of blood were given In heroic attempts to save lives. In the case of the Marine that was presented, It was an Investment that resulted % In a successful outcome. (97.2% of the time). When the wounding agents were considered as a variable CArtillery/rockets/mortars' 1 had the highest percentages of casualties (38.9%),' casualties that were given blood (32.4%), and the total amount of blood given (24.3%). -The wounding agent with the highest number of units per person was "Mine" (mean 11.0). Large fragment grenades had the highest percentage (57.4%) of casualties wounded that were given blood. When "Mine", "Booby-trap grenade (LF and SF)", and "Grenade/Mine/Booby-trap -Other" cases were combined into one group, they accounted for 22.5% of all casualties, 32.6% of all casualties that received blood, but 53.9% of the total number of units of blood given. Most casualties were not given blood or were given small amounts. -The weapons causing wounds had distinct implications for blood use. Important considerations are:
(1) mix of weapons -the amount of particular weapon usage and its proportional usage compared to other weapons used at the same time, (2) the weapon's ability to cause a wound that requires any blood to be given, and (3) weapons that cause -wounds that require large amounts of blood to be given. 
